Abstract. Different hydroxypropyl methylcellulose (HPMC)/anhydrous dibasic calcium phosphate (ADCP) matrix tablets have been developed aiming to evaluate the influence of both components ratio in the control release of a water-soluble drug (theophylline). In order to characterise the matrix tablets, swelling, buoyancy and dissolution studies have been carried out in different aqueous media (demineralised water, progressive pH medium, simulated gastric fluid, simulated intestinal fluid and simulated colonic fluid). The HPMC/ADCP ratio has turned out to be the determinant in the matrix behaviour: the HPMC characteristic swelling behaviour was modulated, in some cases, by the ADCP characteristic acidic dissolution. When the HPMC/ADCP ratio was ≥0.69, buoyancy, continuous swelling and low theophylline dissolution rate from the matrices (H1, H2 and H3) were observed in all dissolution media. Consequently, these formulations could be adequate as gastro-retentive drug delivery systems. Additionally, HPMC/ADCP ratio ≤0.11 (H5 and H6) induces a pH-dependent drug release which could be applied to design control drug release enteric formulations (with a suitable enteric coating). Finally, a HPMC/ ADCP ratio between 0.11 and 0.69 (H4) yield a gastrointestinal controlled drug release, due to its timedependent buoyancy (7 h) and a total drug delivery in 17 h in simulated colonic fluid.
INTRODUCTION
Hydroxypropyl methylcellulose (HPMC), a semi-synthetic cellulose derivative, has been most frequently studied in the formulation of monolithic matrix tablets for controlled release, due to its hydrophilic gel-forming property, non-toxicity and cost-effectiveness (1) (2) (3) . In addition, this polymer can be formulated with several drugs, being able to accommodate high levels of these molecules. On the other hand, it can be easily utilised to form matrix tablets by direct blending or granulation (4, 5) .
Once in contact with a liquid medium, this polymer would hydrate and swell, forming a hydrogel layer which regulates further penetration of the liquid into the tablet matrix and dissolution of the drug from the inside of the tablet (6) . In consequence, the drug release from this polymeric matrix is achieved by diffusion, erosion or a combination of both processes (7, 8) .
Several factors, such as the polymer type and concentration, the drug particle size and the presence of additives or excipients in the formulations can modify the drug release from these matrices (9) (10) (11) . In general, water-soluble drugs tend to follow a release mechanism based on a diffusion process, whereas in the case of water-insoluble compounds, the release would be controlled by the tablet erosion (12) . On the other hand, other strategies aiming to modify the drug release rate are based on the addition of several diluents. Some studies have demonstrated that when HPMC was replaced by lactose, higher drug release rates were obtained with lower HPMC/lactose ratios (13) . However, some precautions must be adopted before adding excipients to the dosage form considering that, although the addition of any amount of diluents or fillers generally increases the drug release rate (14) , the inclusion of a non-soluble excipient like dibasic calcium phosphate decreased drug release rates (15) or resulted in a slower drug release with more linearity in the dissolution profile (16) . On the other side, other studies found that the filler ratio was the most significant factor that affected the drug release (17) , showing that the amount of HPMC played a dominant role in the dissolution behaviour. Therefore, Loftipour and co-workers have reported that the hydrophilicity or hydrophobicity of fillers did not have a significant effect on the drug release profile when it was controlled both by diffusion and erosion while at the same time the drug release was influenced by the type and concentration of the polymer (18) .
Recently, Tavakoli and co-workers obtained favourable sustained release of acyclovir from tablets containing HPMC K4M, Na CMC and/or polyvinyl pyrrolidone (PVP) or Na alginate and gas-generating agent. The combination of a cellulosic polymer, HPMC, with at least one more synthetic or naturally derived polymer could achieve a compromise between floating lag time, total floating duration, drug release rates and mucoadhesion properties (19) . Likewise, formulation containing HPMC K15M, dicalcium phosphate, citric acid and sodium bicarbonate were optimum from both duration of buoyancy and drug release point of view (total amount of drug release for 12 h in stomach). Thus, floating drug delivery system provides a method for sustaining the drug release of a highly soluble drug propranolol HCl in stomach (20) . Another researches, reported that the combination of sodium bicarbonate and hexadecanol with HPMC K4M was found to achieve optimum in vitro release and floatability (the drug release at 12 h was more than 85%). Based on the in vivo performance, the developed formulation could prolong T max without increasing the fluctuation of plasma concentrations and decreasing the bioavailability (21) .
In addition, the changing conditions along the gastrointestinal tract can potentially affect the tablet erosion for a gel matrix tablet and thereby alter the drug release rate (22) . The dissolution testing procedure has been established as a quality control during the product development in pharmaceutical production. So, in order to mimic the physiological human conditions, and contributes to establish in vitro-in vivo correlations (23), it has been described as dissolution medium nature, medium ionic strength or temperature of the medium can affect the hydration of hydrophilic polymers, and in consequence the drug release from matrix systems could be affected (24) . In this sense, Ebube and Jones have reported the significant impact of the pH of the dissolution medium on the drug release rate (3) while recent efforts have been undertaken to show that HPMC matrices were hydrolysed by a selective endoglucanase from Trichoderma reesei (25) , suggesting that the study of the enzymes activity over HPMC formulations could be crucial in order to know the effects of physiological conditions.
On the other hand, The Food and Drug Administration (FDA) in 2005 warned of the possibility that the presence of alcohol in the medium, interacts with the modified-release oral formulations, accelerating the release of the drug. This phenomenon, known as "dose dumping", is the consequence of tablet rupture or erosion and accumulation in the body (26) . Single unit non-disintegrating dosage forms are liable to a higher risk of dose dumping (27) . Despite that, matrix tablets have more uniform release profiles with a high resistance to dose dumping than other controlled release formulations (28) .
Considering all this background, the aim of the present study was to study the influence of HPMC/anhydrous dibasic calcium phosphate (ADCP) ratio in the matrix tablets formulations able to release a water-soluble drug (theophylline) in different zones of the gastrointestinal tract.
MATERIALS AND METHODS

Materials
Theophylline anhydrous (THE; batch: 048K0709) was purchased from Sigma-Aldrich (Saint Louis, MO). Hydroxypropyl methylcellulose-Methocel® K15M CR PREMIUM (HPMC; lot: QJ9012N11) was a generous gift from Colorcon Ltd (Kent, England). Pepsin (batch: 8947200011) was provided by Guinama (Valencia, Spain). Anhydrous dibasic calcium phosphate (ADCP; batch: 1006; Emcompress® Anhydrous) was provided by Mendell (Bodenheim, Germany). Magnesium stearate PRS-CODEX (MgSt; batch: 85269ALP) was purchased from Panreac (Barcelona, Spain). Kollidon® 30 (PVP K30; batch: 98-0820) supplied by BASF (Ludwingshafen, Germany). Pancreatin USP (batch: A0257028) was manufactured by Acros Organic (Fair Lawn, NJ), and pectinolytic enzymes extracted from Aspergillus niger with an activity of 26,000 FDU/mL at pH 3.5 (Pectinex Ultra SP-L, batch: KRN05620) were kindly granted by Novozymes (Bagsvaerd, Denmark). All other reagents were of analytical grade. In all cases, demineralised water was used.
Preparation of Matrix Tablets
Matrix tablets containing, HPMC and ADCP with varying ratios (Table I ) and 50 mg of THE as a model drug, were prepared. The granules were produced by addition of a PVP K30 ethanol solution onto a physical mixture of THE, HPMC and ADCP. The wet mass was then passed through a mesh size of 0.5 mm, which was dried at 40°C for 12 h. An amount of 2% MgSt (w/w) was added to the granules before the compression; 600 mg of the blend was weighed; and tablets were obtained using an eccentric machine Bonals® B 40 (Barcelona, Spain), with concave punches of 13 mm diameter, applying the maximum compression force accepted by the formulation. The compaction pressure was kept constant during the preparation of every batch. Furthermore, a control batch (C), without polymer, was prepared in the same conditions. The obtained tablets have fulfilled the hardness tests (Pharma Test-PTB 311; Hainburg, Germany), average weight, drug content and diameter and thickness.
Swelling Characterisation
In order to study the influence of composition and pH media on HPMC/DCPA matrices behaviour, the swelling degree was determined in different media, according to a method described by Ruiz-Caro and Veiga (29) .
Before the tablets were exposed to the aqueous solutions, they were glued onto metallic discs with a diameter of 20 mm. The discs where then placed in beakers that contained 500 mL of different media. These beakers were placed in a thermostated water shaking bath (Selecta® UNITRONIC320 OR, Barcelona, Spain) with an experimental temperature of 37± 0.1°C and a shaking rate of 42 U/min.
The media assayed were: demineralised water, progressive pH medium, simulated gastric fluid with pepsin (SGF) and simulated intestinal fluid with pancreatin (SIF). The progressive pH medium was composed of an aqueous mixture of 0.005 M hydrochloric acid (37%), 0.05 M ortho-phosphoric acid (85%) and 0.05 M glacial acetic acid with a pH value of 1.5, which was maintained during the first 2 h of the assays. After that, NaOH 10 M was added to the medium until pH increased to a value of 4.0, which was maintained for the following 2 h. Finally, another aliquot of NaOH 10 M was added to obtain a pH value of 6.8 which was maintained for 24 h. SGF and SIF were elaborated according to the US Pharmacopeia (30) .
At specific time intervals, the tablets were extracted from the test medium and blotted with filter paper to absorb the excess of liquid on the sample surface before the weight evaluation. The swelling ratio (SR) of every sample was calculated according to Eq. 1 (31) .
where T s and T d were the weights of the swollen and dried tablets, respectively. All swelling tests were performed in triplicate. At t=120, 240, 480 and 1440 min, photographs were taken with a digital camera (Panasonic® Lumix DMC-FZ28 10.0 Megapixels, Osaka, Japan), to observe the aspect and evolution of the tablets in contact with the different media.
In Vitro Buoyancy Study
All matrices tablets prepared were characterised in order to determine their buoyancy ability, using the paddle method at a rotation speed of 50 rpm with a Sotax® AT-7 dissolution apparatus (Basel, Switzerland) in 900 mL of the different media previously described in the swelling study at 37±0.1°C.
The position (or location) of the matrix tablet during buoyancy test was visually checked every hour. All buoyancy tests were performed in triplicate.
Dissolution Test
A Sotax® AT-7 dissolution apparatus (Basel, Switzerland) with paddles was employed to carry out all tests. The dissolution media used were the same as those employed in the swelling studies. The paddle speed, volume of the dissolution medium and the experimental temperature were 50 rpm, 900 mL of each dissolution medium and 37±0.1°C, respectively. Besides the four dissolution media used, another medium was assayed to simulate the mouth-to-colon transit. Before the tablets were exposed to the dissolution media, they were glued onto metallic discs with a diameter of 20 mm, in order to improve the manipulation of the tablets during the test. During the first 6 h, the tests were carried out in the same way as the dissolution tests in progressive pH medium (2 h at pH 1.5→2 h at pH 4→2 h at pH 6.8). After this period, the tablets were removed from a dissolution medium and immersed in beakers that contained 100 mL of simulated colonic fluid with pectinolytic enzymes (SCF; 4 mL/L), whose enzyme activity showed to be closely correlated with that of Bacteroides ovatus, the main colon producer of pectinolytic enzymes (32) . These beakers were placed to a thermostated water shaking bath (Selecta® UNITRONIC 320 OR, Barcelona, Spain) with an experimental temperature of 37±0.1°C and a shaking rate of 42 U/min.
At specific time intervals, samples of dissolution medium were withdrawn and filtered using Whatman® filter papers (type 42). The quantity of dissolved THE was determined by UV spectroscopy at a wavelength of 271 nm (Shimadzu® UV-1700 spectrophotometer; Kyoto, Japan). Three replicates of each dissolution test were carried out. No changes in the λ max of THE because of the presence of tablet excipients had previously been checked.
Dissolution Data Analysis
In order to compare the dissolution profiles from each batch under different dissolution conditions and to study the effect of composition batches on the drug release, two indices proposed by Moore and Flanner were used (33) . This approach, model independent, uses mathematical indices to define difference f 1 (Eq. 2) and similarity f 2 (Eq. 3) factors, respectively, to compare complete dissolution profiles:
where R j and T j are the dissolved drug percentages at each time point for the reference (i.e. profile obtained from H1) and test product (i.e. profile obtained from H2), respectively; n is the number of samples for each dissolution test; t is the sample time index; and W j is an optional weight factor (in the current work W j =1). In general, to ensure sameness between the profiles f 1 should be in the range of 0-10 and f 2 >65 which denotes a similarity between profiles higher than 95% (34), meanwhile f 2 <65 represents non-similar profiles. In order to investigate the drug release model from all matrix tablets, the dissolution data obtained from the assayed samples during dissolution tests, in all the different media, were analysed according to the following mathematical models: zero order (M t ≤1.0) (Eq. 4) (35) 
where M t is the amount of drug dissolved in time t; M 0 is the initial amount of drug in the solution (most times, M 0 =0); K is the zero-order release constant; K 1 is the first-order release constant; M ∞ is the initial amount of drug in the tablet; M ∞ -M t is the remaining amount of drug in the tablet at time t; K s is a constant incorporating the surface-volume relation; M t /M ∞ is the fraction of drug released at time t (the drug loading was considered as M ∞ ); K HF is equal to K 0 /C 0 a 0 , being K 0 equal to the erosion rate constant, C 0 is the initial concentration of drug in the matrix and a is the initial radius of the matrix (for a sphere or cylinder or the half-thickness for a slab); the value of n HF is 1, 2 or 3 for a slab, cylinder or sphere, respectively; K H is the Higuchi dissolution constant; K KP is a constant incorporating structural and geometric characteristics of the drug dosage form; and n is the release exponent, which characterise the drug release mechanism and whose values depend on the shape of the tested matrix (41) . Thus, for studying the release mechanism from cylinders, an n value of 0.45 corresponds to Fickian release (controlled release by diffusion), in case of case II transport (controlled release by relaxation) n=0.89, meanwhile values of n between 0.45 and 0.89 respond to non-Fickian release kinetics (anomalous transport of drug corresponds to coupled diffusion/polymer relaxation). The optimum values for the present parameters in each equation were determined by linear or non-linear leastsquares fitting methods with StatGraphics® Plus Version 5.1 software. When comparing models with different parameters, the adjusted coefficient of determination (R 2 adj ) is more meaningful and was used in this work to test the applicability of the drug release models (35) .
RESULTS AND DISCUSSION
Swelling Studies
The SR from the formulations H1-H6 and C determined in different media are shown in Table II . Each positive SR value indicates that, at a given time, the swollen matrix weight was higher than that of the dry system weight (t=0). On the other hand, each negative SR value indicated that the weight of the swollen system was lower than the weight of the dry system (t=0).
In general, the SR results from all matrices studied in different media revealed a direct relationship between swelling value and HPMC amount in the formulation. Therefore, when the polymer concentration increased, the SR values increased too. This fact could be attributed to a slow erosion of the gelled layer and to a higher capability of water uptake of the tablets containing higher amounts of HPMC. According to the data (Table II) , H1, H2 and H3 matrix tablets showed a continuous weight increase during the experiment (24 h) in all the different media. Considering all this, it can be deduced that in these matrix tablets with HPMC/ADCP proportions (ratio, ≥0.69) predominated the pH-independent characteristic swelling of HPMC.
H4 tablets presented similar SR values in demineralised water, progressive pH medium, SGF and SIF. However, in SGF the swelling data at 24 h were lower than those obtained in the rest of the media, showing even negative values. The swelling behaviour from H5 and H6 matrices were similar in demineralised water, progressive pH medium and SIF, but when the medium test was SGF, a partial (H5) and total disintegration (H6) at 8 h can be observed. These last results could be explained considering that in the formulations with HPMC/ADCP ratios lower than 0.69, the ADCP could act as a disintegrant, and it prevails over the HPMC hydrophilic gelforming property and only a weak gel layer was formed, which was not able to prevent the matrix disintegration.
Due to the pH-dependent solubility of ADCP, the swelling data from C batch in all the media studied showed a clear pH-dependent behaviour, obtaining similar and positives values in demineralised water or SIF, and a constant erosion process (negative values) in SGF or progressive pH medium.
Visual observations (Fig. 1) confirm the swelling test results. The swelling behaviour was pH independent in H1, H2, H3 and H4 formulations, where the HPMC/ADCP ratio was higher than 0.25. On the contrary, H4, H5 and H6 formulations (HPMC/ADCP ratio, <0.12) showed a pH-dependent swelling behaviour, only detected after 4 h of the assay, producing an evident slow erosion process yielding a small matrix core (H5) or producing a total matrix disintegration (H6) after 8 h of the test. C matrix resulted completely eroded in acidic media and almost intact in neutral media.
Buoyancy Test
The in vitro buoyancy behaviour of every matrix tablets in all the different media depended also on HPMC/ADCP ratio. Consequently, H1, H2 and H3 showed good buoyancy properties, because all these systems floated immediately upon contact with the release medium and continued for more than 8 h. The matrices H4 showed a partial floatability, because they floated only during the first 8 h of the test. No lag times in buoyancy of matrices were observed. These results could be attributed to the manufacturing process; the ethanol used in the granulation step could be responsible of the HPMC swelling and therefore of the buoyancy of the tablets which agrees with Yamashita and co-workers' observations (42) . On the contrary, H5 and H6 did not float in any case. The C batch exhibits, as well, no buoyancy due to the absence of hydrophilic polymer. Figure 2 shows THE release profiles from H1-H6 and C batches in demineralised water (a) and progressive pH medium (b). In demineralised water, the THE dissolution profiles were influenced by the HPMC/ADCP ratio. As the content of HPMC was reduced, the ability to control the drug release decreased, yielding higher drug release values. Drug release dissolution patterns from H1 and H2 were similar, obtaining a sustained but incomplete THE release, less than 100% after 24 h of assay. On the contrary, H3, H4, H5 and H6 batches, displayed a controlled and almost complete drug release after a period of time of 24 h. The THE dissolution profile from C batch was intermediate because in demineralised water the acidic solubility of ADCP did not allow the tablet disintegration, as can be observed in Fig. 1a .
In Vitro Dissolution Test
In progressive pH medium, H1-H6 and C matrices showed drug release rates that clearly depended on the HPMC/ADCP ratios. Hence, when the concentration of HPMC increased, the THE release rate decreased (Fig. 2b) . Furthermore, all the prepared formulations were able to efficiently control the drug release over a time period of 8 h, except for C matrix which resulted in a faster drug release (total drug released in 5 h) due to the tablet erosion in this pH medium (Fig. 1b) .
THE dissolution profiles in SGF from all the matrix tablets are displayed in Fig. 3a . H1, H2, H3 and H4 matrices showed slow drug releases: 43.5%, 49.6%, 59.7% and 67.5% of THE was dissolved at 8 h from H1, H2, H3, and H4, respectively. On the contrary, faster drug releases from H5 and H6 were obtained (100% of drug release after 8 h from H5 and in 3 h from H6), due to the high proportion of ADCP, which was soluble in acidic solution (43) . The solubility of ADCP together with the reduction in the amount of the gelling agent justify the increase in the overall percentage release of THE, in accordance with the data reported by Chaturvedi and co-workers for other soluble drug (20) . Figure 3b illustrates the THE release profiles from all batches in SIF. All the developed matrices were able to sustain SR swelling ratio, SGF simulated gastric fluid with pepsin, SIF simulated intestinal fluid with pancreatin the drug release. A direct relationship could be established between drug release rate again, and the HPMC proportion, yielding slower drug releases when the polymer concentration increased. These results differ to those obtained in demineralised water, probably due to the ionic nature of the dissolution medium, which could modulate the polymer-water interactions in non-ionic hydrophobically modified cellulose ethers such as HPMC, as was previously reported by other authors (3, (44) (45) (46) (47) (48) (49) . Dissolution data from C batch were similar to those obtained in demineralised water, but different to the other two media, which confirm their pH-dependent drug release.
The dissolution profiles from H1, H2, H3, H4, H5 and H6 studied in SCF were displayed in Fig 3c. It was noticed that the presence of enzymes in the dissolution medium produced a change of the drug release rate of tablets H1, from a 49.2% at 8 h released in SCF to a 34% for the same period of time in the absence of enzymes. A similar observation was produced in H2 formulation, whose rate of drug release increased in this medium, producing a higher percentage of drug released at 8 h. However, this improvement in drug release rate could not be evidenced in H3, H4, H5 and H6 formulations. This behaviour suggests that the HPMC could be suffering a hydrolysis process by the hemicellulolytic activity of pectinase, in spite of the previous studies by Viriden and co-workers that showed only a specific HPMC hydrolysis by endoglucanases (25) . Moreover, these results could be attributed to the modification in the dissolution method which ensured the complete immersion of the H1, H2 and H3 matrices within the dissolution medium.
Dissolution Data Analysis
The application of the similarity (f 2 ) and different (f 1 ) factors proposed by Moore and Flanner (33) and adopted by the CDER-FDA were the selected method for comparing the whole dissolution profiles obtained in all different media used in this work. According to data shown in Table III , when the dissolution medium was demineralised water, it was clearly observed that the dissolution profiles from H1 and H2 formulations should be considered similar (f 1 <15 and f 2 >65), but they were different to H3, H4, H5 and H6 matrices (f 1 >15 and f 2 <65). Moreover, H3, H4 and H5 drug release profiles were similar, and H5 THE profile was similar to H6, also. On the other hand, the f 1 /f 2 test of whole profiles obtained in progressive pH medium showed that they were different, except H2 and H3 THE profiles which were similar (f 1 <15 and f 2 >65).
When SGF was employed as the dissolution medium, significant differences in drug release profiles from all batches were observed (f 1 >15 and f 2 <65), except for H1 and H2 profiles. Drug release profile from H1, H2, H3 matrices, evaluated in SIF, were different but H3 and H4, and H5 and H6 drug release profiles were similar among themselves, respectively (f 1 <15 and f 2 >65).
Finally, the f 1 and f 2 parameters obtained from the comparison of whole release profiles in SCF showed that the THE release behaviour from H1 and H2 were similar among themselves but different to the other formulations. Moreover, H3 and H4 profiles were similar among themselves and different to the other matrices.
To understand the drug release model from every formulations, all the data were treated according to zero order, first order, Tables IV and  V . In general, all the formulations were better adjusted to the Higuchi and Korsmeyer-Peppas equations.
When demineralised water was the dissolution medium, the best kinetic adjustment for all the matrices was obtained in the Higuchi equations (Table IV ( demineralised water)) , showing similar values of K H for H1 and H2 dates (0.0200 and 0.0206), and near to 0.0300 from H3, H4, H5 and H6.
However, when progressive pH medium was employed (Table IV (progressive pH medium)), the better kinetic adjustment (Higuchi and Korsmeyer-Peppas equations), showed that the Higuchi constant (K H ) increased as the HPMC amount decreased. It suggests that the polymer concentration modulated the drug release rate. Furthermore, the changes observed in the "n" values (0.44 to 0.66) from Korsmeyer-Peppas equation, suggested that the drug release mechanisms passed from diffusion to non-Fickian or anomalous transport mechanism when the polymers amount decrease. It confirms that the HPMC/ADCP ratio were the responsible of the changes in THE release rate. These observations agreed with other researches (14) (15) (16) 18) .
On the other hand, the kinetic adjustment of the matrices tested in SGF (Table V (SGF)) yields higher values of Higuchi f 2 >65 suggest that the dissolution profile are similar (95% confidence level). f 1 is near to zero when the test and reference profiles are identical (95% confidence level) R the drug release profiles take as reference, P the drug release profiles take as problem (Table V (SIF)) , indicated a drug release mechanism controlled mainly by a Fickian diffusion. The dissolution profiles of H1, H2, H3, H4 and H5 matrices obtained in SCF were fitted best to Higuchi and KorsmeyerPeppas equations (Table V (SCF)). The K H Higuchi constant obtained from H1, H2, H3, H4 and H5 formulations were 0.0236, 0.0261, 0.0295, 0.0321 and 0.0388, respectively, which suggest that the polymer amount was responsible of the drug release rate. However, the "n" values obtained from these matrices were around 0.55-0.59, suggesting that the mechanism of drug release from these formulations was produced by a Fickian diffusion, with a slight evidence of erosion process.
The kinetic constants obtained from the best fit to the different models were used to predict the theoretical time to obtain a complete drug release from all the matrix tablets in the different media (Table VI) .
The analysis of these data allow us to confirm that H1, H2 and H3 formulations can be used to provide a gastric controlled drug release, when only one dose of treatment is necessary since these formulations were able to release the drug in a period of time less than 48 h. H4 formulation would be able to obtain a drug controlled release through the gastrointestinal tract for treatments when one dose every 18 h was required.
H5 and H6 matrices could be used for controlled drug release through the gastrointestinal tract. Moreover, if an adequate coating is applied onto these matrices, they can be used to provide an enteric or colonic drug release.
CONCLUSIONS
For a water-soluble drug (THE), the combination of a gel-forming excipient (HPMC) with a pH-dependent solubility material (ADCP) allows to obtain matrix tablets with different drug release profiles, which depend on the HPMC/ ADCP ratio. When the HPMC/ADCP ratio was ≥0.69, floating matrix tablets with slow drug release in SGF were obtained (H1, H2 and H3), which could be applied as gastroretentive drug delivery systems. A ratio between 0.11 and 0.69 allows to design a matrix tablet (H4) with partial buoyancy and controlled drug release in SGF and SIF, which could be suitable to obtain controlled drug release through the gastrointestinal tract. When the HPMC/ADCP ratio was ≤0.11 no floating matrix tablets with drug controlled release in SIF were obtained (H5 and H6), which could be considered as enteric or colonic delivery systems if an adequate enteric coating was applied.
